THE STORY of Dieumarol* has been told several times by me in the past 17 years, and often by others. Like any good story it need not be told in exactly the same manner each time. In Wisconsin it has become a kind of legend. I shall consider only the high water marks of certain chapters.
Fortunately the basic scientific facts on the discovery and development have already been thoroughly recorded1-6 so that little new information on Dieumarol and its sequels needs to be revealed here. However, when I do introduce new material it will be restricted to that which is documented or sustainable via iemoranda or letters.
The story begins some 36 years ago on the prairies of North Dakota and in Alberta, Canada. In the 1920's a new malady of eattle involving fatal bleeding showed up almost simultaneously in these areas. The veterinarians, Schofield and Roderick, were forced to con- elude that the cause of the disease was neither a pathogenic organism nor a nutritional deficiency. The origin of the new malady was traced to stacks of sweet clover hay mysteriously gone bad. Hence the disease became known in veterinary practice as "sweet clover disease" and it was found that it was caused only by improperly cured hay made from the common varieties of sweet clover. When first observed this disease was in a sense without parallel in animal pathology or human medicine. When cattle or sheep ate the spoiled hay the disease slowly became manifest by a progressive diminution in the clotting power of the blood (about 15 Given February 15, 1958 at the New York Academny of Medicine under the auspices of the Section of Medicine and the Ne-wv York Heart Association, oil the programme, "'The Historieal and Physiological As- pects of Ainticoagulanelts. '" 97 It was. recognized by Schofield and Roderick that the disease was reversible. It could be controlled in cattle by the withdrawal of the spoiled hay from the diet and by transfusion of blood freshly drawn from normal cattle, provided the hemorrhagic extravasation had not proceeded too far. Indeed, they showed that even in desperate cases, recovery could be hopefully anticipated after transfusion and change in diet (good hay).
In a comprehensive and thorough study of the pathology and physiology of the disease Roderick in 1931 emphasized that the delayed or abolished coagulability of the blood was due to a "prothrombin" deficit. Indeed he showed that the severity of the hemorrhagic condition paralleled the reduction in "prothrombin content or activity." He did this by using the technic developed by that great American pioneer of blood coagulation, the late Professor W. H. Howell. Solutions of what was then called "prothrombin" pre- pared by precipitation of normal bovine plasma with Howell's acetone method when added to the "sweet clover blood" promoted coagu- lation. In contrast, preparations of "prothrombin" made in a parallel manner from "sweet clover blood" did not produce coag- ulation. The other constituents for the maintenance of normal coagulability known at that time (fibrinogen, calcium, platelets, and inhibitory substance) appeared to be unaffected.
I first learned about the hemorrhagic sweet clover disease of cattle in December 1932 through the late Ross Farmer Carlson's multiple evidence was a dead heifer, a milk can containing blood completely destitute of clotting capacity, and about 100 pounds of spoiled sweet clover-the only hay he had to feed his cattle.
His account of the over-all course of the disease coincided perfectly with the classical " sweet clover poisoning" picture. Late in December he had lost 2 young heifers. In January 1 of his favorite old cows had developed a massive hematoma on a thigh and following a skin puncture fatal bleeding set in rapidly. Finally 2 young cows had died on Friday and the bull was oozing blood from the nose. So he took off for Madison in a blizzard.
I immediately had to tell farmer Carlson that we could do no more at this time than to recommend the teachings of Roderick and Schofield. He had to stop feeding that hay, and possibly transfuse those desperately sick cattle, if he wanted to save them. Eventually it might become possible to make some usable recommendations to avoid such disasters, but not now.
I can still see him take off for home about 4:00 p.m. Those 190 miles of drifted roads between our laboratory and his barn must have appeared to him like a treacherous and somber ocean.
I cannot take the time to tell all the details of this slice of the Dicumarol story, but I can assure you its impact on me was immense. I Physiologic Action of Dicumarol After synthetic Dicumarol became available in quantity the essentials of its physiologic action were quickly established. It was shown that there is a lag in response, a variation in the intensity and duration of the hypoprothrombinemia (plasma prothrombin clotting time), depending on the size of the dose. In each species tested a certain single dose level gives the most efficient response. Below this level the efficiency of action is decreased by a threshold effect and at high levels by incomplete absorption of the drug.
Due to the latent or lag period of 12 to 24 hours before the drug 's action becomes apparent, there is a cumulative effect following repeated administration. Thus it was anticipated that in clinical practice this action will vary with the individual and because of this variation optimal therapeutic effects without hemorrhage would be obtained only when the dosage is individualized.
A brief summary1-3 of the details follows: 1. There is a wide species difference in the response induced in the rabbit, rat, guinea pig, mouse, dog, cat, and chicken, and this varies with the age and sensitivity of each individual. Broadly speaking, the rat and mouse are the most sensitive, the cat and dog intermediate, and the rabbit, the cow, and the chicken the least sensitive.
2. The vitamin K and C levels in the diet affect not only the intensity but also the duration of the anticoagulant action. I propose to elaborate on this later.
3. The nutritional status of the animal affects the anticoagulant response-fasting generally enhances it in all species. 4 6 months, took nothing stronger than cod liver oil and 3 bottles of beer a day, but kept the aged tuberculosis out of mny mind by studying laboratory records and reading the history of rodent control from ancient to modern timeS. 24, 25 A "Janus" in the Coumarin Family Now brace yourselves, for I propose to shift from a "cow poison" that had become a drug of substantial clinical usefulness, to a "rat poison" converted to a drug, which has I believe most of the desirable features that can be expected from an anticoagulant to be given primarily via the oral route.
1LINK
The many coumarins synthesized between 1940 and 1944 were listed by numbers in logical groups based on their chemical structure. ' While I was in the sanatorium in [1945] [1946] the laboratory work was practically at a standstill. There were few students available, since most of them were still in the armed forces. So I had ample time to reexamine all the chemical and bioassay data available. Upon the return of L. D. Scheel from service in the spring of 1946, he was assigned to the task of reappraising the anticoagulant activity of the compounds numbered from 40 to 65. They were made by Ikawa in . Instead of using only rabbits for the bioassays Scheel also used rats, mice, and dogs. In [1946] [1947] [1948] he defined coumarin numbers 42 and 63 as being much more potent than Dicumarol in the rat and dog, as capable of producing a more uniform anticoagulant response, and as having the quality of maintaining a more severe state of hypothrombinemia without inducing visible bleeding. Certain chemical properties were also considered: the degree of purity readily attainable (absence of taste and odor), the cost of making them, and the property of being convertible to stable water-soluble salts.
Back in 1940 to 1942, Overman, Field, and my colleague, C. A. Bauman, had studied extensively the action of Dicumarol in the laboratory rat, and the effect of diet on the response, specifically the influence of vitamin K and foods rich in it. Later in 1942 I personally, with the help of good old Schoeffel, set up field trials to ascertain the suitability of Dicumarol for rodenticidal purpose. It was concluded that the activity of Dicumarol inl the rat was not high enough to make it practical for rodent control. This was found to be largely due to the vitamin K content of mature grains and the availability of green foods with a high vitamin K content. 3-pronged : they never ceased to wonder, they kept on trying, and they were on a project directed toward doing mankind some good instead of trying to destroy it.
